The objective of this work was to develop and characterize biodegradable starch films at 14 and 21 days of fermentation, aiming to develop packaging with added value. For the extraction of starch, yam tubers were washed, crushed, filtered and fermented for 14 and 21 days, and then filtered and dehydrated. Water-starch-glycerol mixtures were prepared in a randomized design using a factorial scheme (5x2), with five concentrations of glycerol (0, 0.5, 1.0, 1.5 and 2.0 mL) using two durations (14 and 21 days) and 6 replicates. The analyzed parameters were thickness, density, solubility, sorption kinetics, humidity, scanning electron microscopy characteristics and color. Analysis of variance revealed significant difference at the 1% level for the interaction of fermentation time and glycerol concentration for the studied variables. Overall, a 21 day fermentation period gave better characteristics of density, humidity and color and the addition of plasticizer positively influenced the parameters studied.
INTRODUCTION
Growing demand for both higher quality food and shelf life extension, along with improving environmental management policies, has intensified the search for new methods and technologies to improve food conservation (Pereda et al., 2011; Almeida, 2014) . Among these, packaging plays an important role for the food industry, as it must contain the product, and preserve and maintain its quality and safety, while acting as a barrier to factors responsible for deterioration (Coles, 2003) . Growing concern about food safety, shelf life extension, costeffectiveness, consumer convenience and environmental problems has driven the development of both new packaging forms and new raw materials for its production (Coles, 2003) . Currently, there is much interest in the *Corresponding author. E-mail: victorlamarao@yahoo.com.br. Tel: +5592 9981478979.
Author(s) agree that this article remain permanently open access under the terms of the Creative Commons Attribution License 4.0 International License development of biodegradable packaging, which is designed to interact with the food, both prolonging shelf life and/or conferring desirable sensory and nutritional characteristics (Almeida et al., 2013) .
Biodegradable packaging is a sustainable development alternative to petrochemical-based products, being generated from renewable resources it can also increase income for local farmers (Arenas, 2012) . Developing the use of natural products in biodegradable packaging is of great interest to both industry and society in general, since it brings benefits for food-based industries and the environment (Dantas et al., 2015) .
In addition, the use of packaging based on nationallysource materials in packaging manufacture enhances the profitability of Brazilian agroindustry (Reis, 2011) . Among the raw materials used in the preparation of biopolymers, the potential of starch, either as pulp or granules, as a source biodegradable films has been widely studied, as it is renewable, cheap and widely available (Cano et al., 2014; Santos, 2015) . It can be obtained from a variety of plant sources, including cereals, roots and tubers, as well as seeds and fruit pulp, with the derived materials having different physical, chemical and functional characteristics depending on their origin (Mali el al., 2010) .
Among the various sources of starch is the yam, a member of the family Dioscoreaceae and a producer of starch-rich, high-energy and nutritious food tubers (Oliveira, 2002) . These contain between 28.1 and 29.5% dry matter, of which 70.3 to 79.5% is starch, 1.7 to 4.3% is reducing sugars, 0.6 to 2.9% fibers, and 4.6 to 7.1% proteins . In addition, the plant has known anti-microbial, diuretic and energizing properties (Ramos-Escuredo et al., 2010) .
Dioscorea yams are the fourth most important tuber/root crop in the world, lying only behind potato (Solanum tuberosum L.), cassava (Manihot esculenta Crantz) and sweet potato (Ipomoea batatas L.). However, because it is not included in the list of "noble" crops, the genus is rarely included in agricultural policies, government projects, economic and financial plans for exportable monocultures, and even if the area cultivated is more than one million hectares worldwide. In Brazil, this yam is typically a smallholder crop used for direct consumption or local sale . Thus, with the aim of adding value to the by-products of yam culture, the objective of this study was to develop and characterize biodegradable films of starch derived from this yam after 14 and 21 days of fermentation.
MATERIALS AND METHODS

Study area
Experiments were conducted at the Food Chemistry and Physics Laboratory, National Amazon Research Institute (3°5'29"S, 59°59'37"W), and at the Vegetable-Origin Products Technology Laboratory at the Amazonas Federal University (3°5'28"S, 59°57'57"W) in Manaus, Amazonas State, Brazil.
Sample preparation
Artisanal techniques adapted from the methods described by Leonel and Cereda (2002) , and Nunes et al. (2010) was used in the preparation of the mash to be fermented. The tubers were cleaned to remove soil and foreign bodies, peeled, washed, and sectioned into smaller pieces. The filtrate was fermented for 14 and 21 days, respectively, with water changed every two days at a temperature of 40°C. At the end of the fermentation period, the supernatant was discarded and the fermented material dehydrated at room temperature, then sieved, crushed and stored in plastic pots. 
Starch
Starch content was determined following protocol AOAC 996.11 modified by Water et al. (2005) . Total starch was determined by subtracting the sum of the available starch and all other non-starch residuals from total weight.
pH
Hydrogenation potential was determined following protocol 017/IV of IAL (2008) by direct reading of the supernatant liquid.
Soluble achohol acidity
This was determined following IAL (2008) protocol 415/IV. Samples were titrated with 0.1 mol NaOH until rose coloration appeared.
Biodegradable film production
Films were made following a method described by Dantas et al. (2015) and Lorotonda (2002) . Water-starch-glycerol mixtures were prepared by varying the glycerol concentration in relation to the starch-water mixture (Table 1) . A randomized factorial scheme (5x2) design was used, with five concentrations of glycerol (0.0, 0.5, 1.0, 1.5 and 2.0 mL), two fermentation durations (14 and 21 days) and 6 replicates, a total of 60 experimental units. The mixtures were heated to boiling, and the temperature maintained at about 185°C until, under constant stirring, a gel formed. This was then spread on 8 cm 2 petri dishes, and oven cooled at 40°C for 48 h.
Characterizing the films
The starch films were tested for thickness, solubility, moisture, density, sorption kinetics, scanning electron microscopy characteristics and color.
Thickness
Thickness was measured with digital calipers at 10 randomized points across the surface of each film (Batista, 2005) .
Solubility in water
The solubility tests were by difference of the initial and final mass of the sample (Matta Júnior et al., 2011) .
Scanning electron microscope analysis of biofilm structure
The films were plated with gold and surface structure visualized with a scanning electron microscope (FEI, model QUANTA 250).
Density
Density was determined by the difference between the final and the initial mass in a desiccator (Müller et al., 2008) .
Water sporption and humidity kinetics
Moisture sorption kinetics was determined by weighing at successive time intervals until a constant weight was obtained (Mali et al., 2005) .
Optical properties: Color
Color was determined using a portable color photospectrometer (Miniscan XE, Hunter Lab, Reston, Virginia, USA) (Hunterlab, 1997) .
Statistical analysis
Analyzes of variance (ANOVA) and Tukey's test were performed to compare means, with significance level at 5%. Calculations were performed using Assitat version 7.7.
RESULTS
Physico-chemical analysis of yam tuber filtrate
The final product was a fine, odorless powder with color varying according to the number of days of fermentation: At 14 days it had a pink coloration, while samples from 21 days fermentation were whitish ( Figure 1 ). Table 2 gives mean values and standard deviations of the physicochemical composition of the fermentates studied.
At the 1% probability level, Tukey tests showed that ash, crude protein, lipids and pH had statistically different values (p≤0.01) for studied fermentates in relation to the fermentation period. Highest average values were found from the 21 days fermentation sample ( Table 2) .
The variation in pH between the samples is worthy of comment: After 14 days of fermentation, the starch-rich fermentate was slightly acidic, however, after 21 days the pH has risen dramatically, so that the samples were becoming alkaline. In relation to mineralogical analysis, fermentates had high mineral contents, of which potassium, iron and magnesium were present in greatest quantity (Table 3) .
Film extraction (drying and removal)
Films of glycerol plastified starch, were homogeneous, continuous, and without fractures or ruptures. Handling qualities of the films were excellent or good in most treatments, except for films with 1.5 and 2.0 mL of glycerol (Treatments 4 and 5), which were difficult to detach from the petri dish surfaces without tearing. However, after removal, all films could all be manipulated without any risk of rupture.
Analysis of density, solubility, moisture content, thickness and kinetics
There was a significant difference in the interaction between the fermentation time and the glycerol concentration at 1% for the parameters thickness, solubility, density and humidity (Table 4) . Thickness data showed differences in thickness between films for all glycerol concentrations for mash derived from 14-day fermentate. However, for 21-day fermentate, only treatment 1 (0 mL of glycerol) differed significantly in thickness from the other four treatments, these being indistinguishable.
For films derived from 14-day fermentate, regression analysis was significant (p<0.01), indicating that when glycerol concentration increases, the yam-based film 14 days 21 days Table 3 . Mean concentration of macro-and micro-minerals (mg/100 g).
Mean mineral concentration (mg/100 g)* Sample 14 days fermemtation 21 days fermentation Ca 0.10 ± 0.01 0.10 ± 0.01 Mg 1.87 ± 0.04 3.37 ± 0.07 K 64.99 ± 2.64 87.49 ± 0.86 Na 0.00 ± 0.00 0.00 ± 0.00 P 0.00 ± 0.00 0.00 ± 0.00 Mn 0.00 ± 0.00 0.02 ± 0.01 Cu 0.00 ± 0.00 0.55 ± 0.74 Zn 1.00± 0.21 1.12 ± 0.07 Fe 1.04 ± 0.02 1.74 ± 0.11 *Means of 3 samples ± standard deviations. Table 4 . Values for thickness, solubility, density and moisture content of yam-derived starch biofilms following 14 and 21 days fermentation with the addition of either 0 mL(T1), 0.5 mL (T2), 1.0 mL (T3), 1.5 mL (T4) and 2.0 mL (T5) of glycerol.
Parameter Fermentation duration (days)
Glycerol concentration (mL) 0.0 (T1) 0.5 (T2) 1.0 (T3) 1.5 (T4) 2.0 (T5) Figure 2 ). For solubillity, the studied yam-derived starch films were after 24 h water immersion, semi-intergal in shape, and very flexible and foldable. Films derived from both 14 and 21-day fermentate showed gradual increases in solubility as a function of glycerol addition. Biofilms lacking any glycerol had low solubility, due to the loss of water during the drying process, which made them more rigid and brittle. However, as glycerol was added, the films became more soluble gradually reaching an average of 75.57% water.
The humidity of the films showed a significant difference in the interaction between the fermentation time factors and glycerol concentration at 1% level. For films derived from 14 days of fermentation there were statistical differences between treatments 1 and 2 and all other treatments (which were statistically identical to each other). However for 21 day-derived films there were differences between films at concentrations (Table 4) .
Regression analysis was significant (p <0.05) for both 14 and 21 day-derived films, indicating a tendency for films to increase in humidity as a function of the addition of glycerol. As shown in Figure 2 , the addition of 1 mL of glycerol results in an increase of 33.29% (14 days) and 34.02% (21 days) in film moisture content ( Figure 3) .
The density of the starch films differed statistically (p <0.01) between the formulations with 0 mL (T1) and 0.5 mL (T2) of glycerol in film derived from 14-day and 21day fermentates. The regression in Figure 4 indicates a clear trend for progressive density increase to occur as a function of glycerol addition.
There were no significant differences between the fermentation time and the interaction for water sorption kinetics. However, glycerol content influenced the water adsorption process, so that treatment 3 showed the highest water adsorption value (Table 5 ).
Scanning electron microscope
The films shown in the photomicrographs in Figures 5 and 6 appear as an extensive and amorphous mass, with the presence of rounded depressions.
Color
Evaluating the luminosity parameters for the glycerol concentration and the fermentation time, in which L 0 * represents the results of standard films made from cassava starch and L* the results of yam starch films, a proximity among the values indicate that there were variations between cassava-derived (standard) and yamderived films. However, when comparing the yam-derived samples with each other, there was little variations between them, except for films from treatment 1 made from 14-day fermentate ( Table 6 ). The intensity of these variations (ΔE) however varies between films. For films derived from 14-day fermentate those with pure starch and with addition of 1.5 mL of glycerol showed more intense variation in color. However, for films derived from 21-day fermentate, those to which glycerol had been added showed more intense variations than films without glycerol.
DISCUSSION
Physical-chemical analysis of yam starch
No legal classification exists for yam fermentate, and no references were found in the literature for its physical and chemical characteristics. Consequently, the data was compared with existing studies on cassava. Moisture levels for both the 14-day and 21-day fermentation samples were higher than those reported by Aquino et al. (2011) and de Reis et al. (2010) for yam tuber starch (11.9 and 7.61%, respectively). These values would not comply with regulations for moisture content operating in Brazil (ANVISA RDC n° 263 of 2005 September 22, which ratified the Technical Regulation for cereals, starches, flours and vegetable-powders).
Variation in moisture levels could be related to the artesanal methods used to prepare the base material, as well as the drying time and the conditions under which drying occurred. Maieves (2010) , studying the composition of different tubers as a function of part of the year in which they were collected, posited that moisture Diniz (2006) , there are no published studies to show that extreme moisture contents negatively influence the technological properties of bitter manioc powder. There may be some exaggeration about the risks that moisture contents above 18% could cause (Cereda and Vilpoux, 2002) . According to Maeda (1999) , the water content fermented cassava starch ranges from 0.40 to 0.60, so it should be possible to change the limits required by the legislation. Ash levels from 21-day fermentate were higher than those reported both for yam by Vilpoux et al. (2002) (0.22%), and for cassava by Cereda et al. (2001) and Aquino et al. (2016) (both 0.13 to 0.25%). However, the proportions encountered here were lower than those reported by Reis et al. (2010) for yam (0.92%). Ash values reported by Silva et al. (2012) for cassava flour (0.08%) were similar to those found in the current study for material derived from 14 day fermentate.
Lipid values (Table 2) Ladeira and Pena (2011) found that low lipid levels in fermentation-derived flours were caused by their elimination during product processing, so that the repeated washings in the preparation methodology of the current study may explain the low values reported here.
Obtained crude protein values (Table 2) were lower than those reported by Aquino et al. (2011) (4.88 to 4.99%) and Daiuto and Cereda (2003) (4.19%). According to these authors, elevated crude protein values may be associated with nitrogen residues resulting from the breakdown of mucopolysaccharides (mucilage). An analysis of proteins in flour from three varieties of bitter manioc by Ladeira and Pena (2011) found values similar to those in the current study (0.20 to 1.06%), and much Cereda and Vilpoux (2002) , for sweet yam (Dioscorea sp.) flour (0.09%). According to Vieira et al. (2010) and Pereira et al. (1999) a reduction in the protein content can be attributed to the loss of water-soluble proteins water soluble during raw material processing. Brazilian legislation has no established guidelines for percentage of total fibre. However, it is notable that, with the exception of the study by Dias and Leonel (2006) (0.57 to 2.75%), the values obtained by the current study were greater than any of bitter manioc flour (Reis et al., 2010: 0.17%; 0.02%; Vieira et al., 2010: 0.28%; Leonel et al., 2004: 0.74%; Fiorda et al., 2013: 0.61%; Trombini et al., 2013: 0.39%; Maciel et al., 2013: 0.30%) (Table 3) . Fiorda et al. (2013) and Tromboni et al. (2013) found that different crude fibre levels can depend on the species studied, as well as the time of planting, the soil type, and the climatic conditions under which the plant grew, and the methods by which the sample was extracted. However, although the values found here were higher than those of the authors cited, the analyzed fermentates had low fiber contents based on the classification of Mattos and Martins (2000) (below 2.4 g fibers/100 g).
During the fermentation process, it was noted that a reduction in the level of carbohydrates was associated with increased moisture content (Table 2) , while centesimal analysis revealed high carbohydrate levels in the yam fermentate. Mean carbohydrate values were similar to those reported by de Ferreira (2014) for saffron starch (79%), thus agreeing with the data of de Luna et al. (2013) for cassava (78.55), these being greater than those reported by Nascimento et al. (2013) for sweet potato (65.18%) and Holland and Oliveira (2015) cassava-derived gum (70.02%). However, these values are lower than those reported by Rocha et al. (2012) wolf-tomato flour (Solanum lycocarpum) (84.99%) and Fiorda et al. (2013) for cassava starch (85.53%).
The pH values from samples classified as slightly acid (pH > 4.5) (Tupinamba and Souza, 2010) . Similar values have been reported by Silva et al. (2012) (6.03 to 6.21), Dias and Leonel (2006) (4.24 to 6.10) and Ladeira and Pena (2011) (7.09) for cassava flour. The variation in pH values encountered in the current study is explained by Cereda (1987) and Ascheri and Vilela (1995) who observed that natural fermentation process result in a lack of product uniformity, even in the same species in the same environment, due to the different phases of the microbial growth and acid production, that occur when there is no quality control. Contrary to expectations no rapid falls occurred after the first two days of fermentation, after which low values were reached which continued until the end of the fermentation period. pH at the end of 21 days was alkaline, which can be explained by the species used, for which both the fermentation processes and the microorganisms involved in fermentation are not known, so requiring further specific studies for effective culture.
Brazilian legislation classifies vegetable-derived flours as sweet and bitter, based on their titratable acidity (BRASIL, 1978) , as a result all the material in this study is classified as "bitter" (Table 3 ). The acidity results are similar to those reported by Leonel et al. (2004) physicalchemical characterization of starches (1.05%), and with those of Luna et al. (2013) for cassava (1.4%), and higher than those reported by Ladeira and Pena (2011) (0.89 to 0.96%). The increase in acidity between 14 and 21 days of fermentation most likely occurred as a result of prolonged exposure of the material to high ambient temperatures and the extension of the fermentation period (Tupinamba and Souza, 2010) . It is interesting to note that the values found in our study were lower than those of Machado et al. (2010) (3.12%), Garcia et al. (2014) (2.16 to 6.36%), Machado et al. (2013) (3.12%), Aquino et al. (2016) (1.66 to 7.05%), Dias and Leonel (2006) with values between 2.08 and 7.4% and Reginatto et al. (2009) means between 2.5 and 4.0% for cassava. Silva et al. (2006) reported that elevated acidity levels are related to increased availability of carboxil groups, which are probably the result of acid residues derived from the degradation of the macromolecules that make up the starch. Variation in acidity is explained by Cereda and Lima (1981) , who noted that a level of titratable acidity is characteristic of the natural fermentation used to create such acid flours. The authors encountered a great variety of values, which were explained not only by the percentage of acidic compounds present, but also by their nature, since acidic character may vary depending on the size of the chain and the number of carboxylates.
The starch values encountered here meet those stipulated by ANVISA RDC n° 263 of 2005 September 22. Such results are similar to those of Reis et al. (2010) and Cereda and Vilpoux (2002) also from yam (88.58 and 83.06%, respectively). However, values are lower than those for cassava, where starch values of over 90% have been reported by Ladeira and Pena (2011) (94.79%), Silva et al. (2012) (93.47 to 97.46%), Oliveira (2011) (90.48 to 94.7%) and Peroni (2003) (98.94 to 99.58%). The purity of such starches is related to their chemical composition, and the low levels of proteins, lipids and ash, and absence of those protein that adhere to the starch granules is desirable (Oliveira, 2011) . The quantity of constituents depends on the composition of the plants used and the methods of extraction, which is pertinent as the physical-chemical composition of yam is, following the classification of Peroni (2003) , considered one of the lowest for non-starch substances, and one of the highest for starch, both in terms of quantity and quality of starch, which is classified as having the highest grade of purity.
Minerals are inorganic substances present in all tissues. Their presence is essential for the functioning of various key biological processes (Anavi et al., 2013) . According to Underwood (1999) , potassium is the principle intercellular ion in tissues, essential for muscle tone and activity, a contributor to acid-alkaline homeostasis and respiration, via chloride exchange. Comparing Potassium values in the fermentate and tuber (Table 4) , the observed significant reduction can be attributed to the extensive washing process that occurred during the starch extraction process.
Film extraction (drying and removal)
Films of glycerol plastified starch, were homogeneous, continuous, and without fractures or ruptures. On the other hand, cassava-derived films without added glycerol were shown by Shimazu et al. (2007) to be more brittle than those containing glycerol. For films with 1.5 and 2.0 mL of glycerol (Treatments 4 and 5), which were difficult to detach from the petri dish surfaces without tearing. Mali et al. (2005) consider that the greater adhesion of films is caused by the greater proportion of starch and glycerol in the formulation, thus conferring greater adhesiveness.
Analysis of density, solubility, moisture content, thickness and kinetics
For 21-day fermentate, only treatment 1 (0 mL of glycerol) differed significantly in thickness from the other four treatments, these being indistinguishable. Such variation in film thickness (Table 3) is explained by Ratnayake et al. (2002) , who found that glycerol acts by interrupting the formation of an amylose double helix, resulting in shrinkage of the resulting gels and a consequent increase in their thickness. Such results parallel the findings of Liu and Kerry (2005) , Matta Júnior et al. (2011) , Leyva et al. (2008) and Laohakunjit and Noomhorm (2004) for starch films derived from pinus, pea, wheat and rice respectively. As the filmogenic solution dries, the water evaporates allowing the concentration of the starch to locally increase, so forming an inter-linked network.
For films derived from 14-day fermentate, regression analysis was significant (p < 0.01), indicating that when glycerol concentration is increases, the yam-based film becomes thicker (Figure 1) . Such results are similar to that of Matta Júnior et al. (2011) on pea-starch films, which showed a linear relationship between glycerol concentration and thickness increase.
For solubility, the studied the biofilms that did not contain glycerol were found to have low solubility due to the loss of water during the drying process, which made them more rigid and brittle. However, as glycerol was added, the films gradually became more soluble reaching an average of 75.57%. This fact is explained by Matta Júnior et al. (2011) , Mehyar and Han (2004) , Zhang and Han (2006) , Leyva et al. (2008) , Laohakunji and Noomhorm (2004) and Garcia et al. (2006) , who observed that glycerol interacts with the film matrix, increasing the free space between the chains, facilitating the water entry into the film and consequently increasing the solubility.
The humidity of the films showed a significant difference in the interaction between the fermentation time factors and glycerol concentration at 1% level. According to Chivrac et al. (2010) , the relative humidity of storage conditions is an influential factor, since starch tends to absorb large amounts of water in conditions of high relative humidity, due to its hydrophilic nature. This strongly influences its physical and barrier properties (Mali et al., 2005) . Regression analysis indicates a tendency for films to increase in humidity as a function of the addition of glycerol. According to Arenas (2012) , glycerol content influences the film moisture content because it is hygroscopic, so increasing water content as plasticizer proportion increases.
Similar data have been reported by Shimazu et al. (2007) and Mali et al. (2010) who also found that glycerol favours water absorption. Soares et al. (2016) recorded variations from 9.20 to 23.79 as a function of storage time and pH concentration, noting that the addition of glycerol increases the absorption of moisture from the environment. Fernandes et al. (2015) reported variations in moisture content of between 42.20 and 84.60%, lower than those found here for yam, for films derived from milk whey.
The difference likely occurs because starch with added plasticizer produces films with high density due to noncomplete gelatinization of the starch at higher glycerol concentrations (Dias, 2008) .
The density values recorded here are lower than those reported by Müller et al. (2008) Higher sorption kinetics values indicate that a smaller amount of water is being adsorbed, at a reduced rate (Araújo-Farro et al., 2010) . The adsorption of moisture was faster in treatments 1 and 2. That smaller amounts of water were adsorbed under treatment 3, corroborates the data of Mali et al. (2005) . According to Galdeano et al. (2014) , the glycerol is incorporated into the polymer matrix as it slowly adsorbs the water.
Scanning electron microscope
The films shown in the photomicrographs in Figures 4 and 5 appear as an extensive and amorphous mass, with the presence of rounded depressions. In this they resemble films studied by de Matta Junior et al. (2011) who stated that such topology may be due to differential drying which results in the presence of non-fully gelatinized and non-fragmented starch granules in the matrix.
. The cross-sectional aspect of the film was similar for all treatments, each having a more homogeneous and a less homogeneous phase, similar to that reported by Batista et al. (2005) and Yang and Paulson (2000) who observed that as glycerol was added the matrix structure became more discontinuous affecting the consistency of the film. Unlike Dantas et al. (2015) who, in starch biofilmes derived from the yellow Guinea yam (Dioscorea cayenensis) reported that the presence of glycerol increased film plasticity by making them more uniform.
The structure of biofilms of treatments 2 and 3 for starch derived from 14-day fermentate (Figure 4B and C) and those of treatments 1 and 3 ( Figure 5A and C) from 21-day fermentate is similar to those found by Araujo-Farro et al. (2010) and Pagno et al. (2015) for quinoaderived biofilms. The compact and uniform structure of these treatments suggests a good interaction between amylose, amylopectin, glycerol and water in the biofilm.
Color
For the chromatic parameters a* and b*, which express the degree of variation between green (-a) and red (+a) and between blue (-b) and yellow (+b), for samples from both 14 and 21 days was a function of the glycerol content of the films. This difference is explained by Silva et al. (2007) , who stated that during the gelatinization process of the starch coloration changes occurs due to loss of the initial crystaline structure of the starch granules, so giving the film certain opacity.
Conclusion
The results of the physico-chemical analysis showed that the samples showed no significant difference in moisture, lipids, titratable acid, fibre, starch and total carbohydrates. Differences were found for ash, protein and pH. Values for ash, starch and titratable acid for the flours manufactured lay within existing legal limits. However, it should be possible to restructure processing methodology so that moisture content is reduced to levels that ensure product stability. For pH, studies are required on the alkaline nature of the samples derived from 21 day fermentate, which differed from the expected. The 21-day fermentate had the best physical-chemical and nutritional profile, and both show an encouraging potential for this product and increased profile for this currently undervalued crop.
The glycerol-free films were more brittle, with the best concentrations being of treatment 2 (0.5 mL glycerol) and 3 (1.0 mL glycerol) in both fermentation periods due to their adherence to the petri dish surface. The thickness and solubility values were best using 14 day fermentation at concentrations of 2.0 and 0.0 mL of glycerol respectively. However for density, color and water content, the best treatments came from 21-day fermentate.
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There were no significant differences for water sorption kinetics by fermentation period. However, adding plasticizer influenced this parameter significantly. Scanning electron microscopy showed that the starch without added glycerol has the most homogeneous matrix; as the glycerol is added, some starch granules will be present that have not been fully dissolved.
